When the high electricity demand growth is not matched by growth in generating sufficient capacity, deficit cannot be avoided. In Sumatera, power outages of up to 6 hours per day are part of the power crisis experienced. To date, deficits experienced by Sumatera require better management strategy and operation of electric power systems, taking into account the security system, reliability and customer service. This paper briefly discusses the impact of rolling blackouts on the community's economy and proposed demand-side management strategies as short term measure to overcome the power supply deficit in Sumatera. From the analysis, electricity savings in household equipment can save energy consumption by 98.79 MW at peak load and 97.55 MW for off peak load time.
1.0 INTRODUCTION
Since the last few decades, the electricity consumption per capita worldwide has shown significant increase due to the growth in population as well as the rise in living standards [1] . In some countries, it has caused imbalance between the electrical energy reduction and demand which results in energy deficit. In places like Sumatera, Indonesia, rolling blackout is common due to significant energy deficit. Power outages cannot be avoided and caused discomfort among people. The electric utility in Sumatera, Perusahaan Listrik Negara (PLN), has experienced significant electrical energy deficit due to its less power generation capacity than the peak load demand. Furthermore, the average age of most of its generation power plants is 30 years [2] . In Sumatra, the energy deficit has resulted in rolling blackouts for 2 to 3 hours, or even 6 hours. The enforced blackout created a lot of problems to consumers. As the blackout can occur at any time of a day and at any duration of time, consumers find it very difficult to cope with the situation. Industrial consumers, in particular, will find it very difficult to plan their activities. They may have to install their own generating set, thus increasing their operating cost. Furthermore, the unreliable and unstable power system can also cause short life span of many appliances.
To reduce rolling blackout, Sumatra may have to look beyond the traditional utility planning process. The government must now consider both supply and demand options. Various studies have shown that demand-side management (DSM) is one of the many options to solve the energy deficit problems.
Electrical Power System of Sumatra
The electrical system in Sumatra as shown in Figure 1 consists of northern Sumatra (North Sumatra Province and the Province Nanggroe Aceh Darussalam), Middle Sumatera (West Sumatra province, the province of Riau, Jambi, Bengkulu Province) and southern Sumatra (South Sumatra Province, the Province of Bangka Belitung, Lampung Province) electrical systems. Northern Sumatra's operation system is under the control of load arrangement unit, in which the system operator is under PLN Distribution and Load Control Centre of Sumatra. The electrical system of northern Sumatra is interconnected with 150 kV of Acheh and isolated subsystem of 20 kV distributions. The northern Sumatra's electrical system is also interconnected with other power systems, namely 275 kV system of PT Inalum. Power outages in northern Sumatra is still continue to occur due to the high electricity demand growth that is not matched by sufficient generation capacity. One of the main contributing factors to the problem is the delay in several power plant projects, such as steam power plant Nagan Raya (PLTU 2 x 100 MW) in Figure 2 shows the yearly peak load recorded for the same years. The highest peak load was recorded in March 2012 at 1528.2 MW. The highest numbers of blackout events was recorded in the year 2012 in December, which was as many as 33 times with the duration between 2 to 3 hours for each blackout and some cases reached up to 6 hours. Outside peak load, the highest load was 1128.28 MW with a deficit of 231.3 MW at 06:00 am and power supply ability of 897.0MW. This condition occurred due to some plants that were not functioning properly, namely PLTU Belawan U1, PLTGU Belawan GT 1.1, 1.2-out of service, PLTGU Belawan ST 1.0-experienced problems and PLTGU Belawan GT 2.1, 2.2 due to emergency. Besides that, some plants do not conform to their installed power capacity [3] [4] [5] [6] [7] [9] [10] . 
Impact of Rolling Blackout on Economy and Community
Rolling blackout carried out by PLN in almost all parts of Indonesia is one of the characteristics of the national energy security's fragility. This condition would be ironic for a country that has a wealth of energy resources, not just oil, coal and gas, but alternative energy resources such as renewable geothermal, wind, solar cells, wave and water. Due to frequent power outages, anxiety began to haunt the people and industry on a national scale. From the social standpoint, various effects of rolling blackouts had been imposed since 2008. Power outages are often without prior notice and have negative impacts on customers/consumers. The problem of household electrical equipment damages are often the topic of complaints. In the employment sector, possibilities of employment dismissal are very large due to the decrease in productivity. Besides that, swelling of the employer's industry has caused the turnover number to not meet the daily production target. Moreover, there are even some companies/small industries that had to close down. In addition, sales of generators also potentially triggered jealousy in the community because it will further widen the economic gap between the poor and the rich. The rich can still do activities with the help of energy generators while the poor are not able to do much during power outages. Power outages greatly impact the economy. PLN policy with power cuts reaching 2-6 hours a day caused a big blow for most businesses as they heavily rely on electricity.
Demand Side Management
Demand-side management (DSM) is the process of managing energy consumption, generally to optimize the resources planned and implementation. DSM refers to utilized activities that can affect customers' electricity usage and ultimately produce a change in the utility's load shape. It has been traditionally seen as a way for the utility to delay the expansion of generation capacity. DSM actions include planning, monitoring and implementation of changes in time pattern or magnitude of a utility's load. The purpose of DSM is mainly to minimize energy (kWh) consumed by end-user and reduce the maximum demand (kW) for energy.
DSM's activities can be divided into two levels: i) Level I: Load shape objective, ii) Level II: End use. Load shape's objectives include load shaping measures that can change the time pattern and magnitude of utility's load. These measures include:
• Peak clipping which is generally considered as reduction of the system peak loads through direct load control.
• Valley filling which involves adding or building loads to the system during off-peak periods.
• Load shifting which is shifting loads from on-peak to off-peak periods.
• Strategic conservation results from load reduction in all or nearly all periods. It is a utility-induced program to reflect the modification in end-use consumption.
• Strategic load growth is a form of load building designed to increase efficiency in a power system. This load shape objective can be induced by the price of electricity and by the switching of fuel technologies (from gas to electric). • Flexible load shape has the ability to modify utility's load shape on short notice. When the resources are insufficient to meet load's requirements, load shifting or peak clipping may be appropriate. DSM reduces the generation margin, improves efficiency of system operation, transmission and distribution grid investment and operation efficiency, as well as manages the demand-supply balance in systems. DSM for customers is intended to control the growth of electricity demand by controlling peak load, temporary restrictions on the new connections in the critical areas that greatly affect the peak load increases and other measures on the customers' side. One of the strategies of DSM is energy savings, by reducing energy consumption in all sectors of customers especially during peak load. Electricity is a commodity that affects the lives of many people, therefore, provision for the public to be as economical as possible with due regard to quality and reliability. Load shifting is one of the most utilized DSM strategies that allow load consumption to be moved from on-peak periods to off-peak periods in most industrial and commercial establishments. The key effect of load shifting includes immediate cost saving where the process of buying or storing energy is done when the prices are low.
For the rolling blackouts in Sumatra, it is obvious that PLN needs to build more generation capacity. However, PLN and Sumatra authorities should also consider DSM as a strategic option to overcome the current dilemma. The potential benefit of DSM in reducing energy deficit in Sumatra is demonstrated in the following section.
2.0 DSM POTENTIAL IN REDUCING ROLLING BLACKOUT IN SUMATRA

Sumatra Electricity Customers
Electricity customers in northern Sumatra consist of social customer, household, business, industry, government office buildings and street lighting. In this case study, only household customers for 2012 are used for the analysis. The details are given in Table 2 . 
Energy Savings Opportunities
Energy savings can be done on household equipments to lessen Sumatra energy demand and hence reducing energy deficits.
There is 50% of household electrical energy consumption from air conditioners as well as several other equipments. Some household electrical appliances that were analysed in this paper are air conditioner, rice cookers, dispenser and lamps: CFL to LED. The energy consumption data of the electrical appliances are given in Table 3 . Energy savings can be achieved by using the appliances more effectively (reduce wastage) and strategically (schedule their usage at proper time). The proposed strategy for each appliance is summarized as follows: Figure 3 that the deficit during peak load has reduced to 98.79 MW, whereas during off peak load time was reduced to 97.55MW. resources. An initiative by the government to develop the potential of abundant natural resources, especially in the provinces of North Sumatra and Aceh, is needed. Development of electricity based on renewable energy would be a real step for the government. This paper presents DSM strategy for electric energy savings in several household appliances. This strategy was carried out in an effort to reduce the load on the system, during power shortage, while awaiting completion of the new plant construction and repairs of damaged plants. The results of this case study showed that the strategies of energy savings in household equipment during peak load were 98.79 MW, while during off peak load time achieved a reduction of 97.55MW.
